Background Arthroscopic debridement of the triangular fibrocartilage (TFC) is well accepted in patients with ulnar impaction syndrome with central TFC lesions. Treatment remains controversial, however, when there is no such lesion from radiocarpal view. Purpose This study assessed the clinical outcome of arthroscopic central TFC resection and debridement and secondary ulnar shortening in patients with ulnar impaction with central TFC lesion compared with patients without TFC lesion. Patients and Methods Thirty-two consecutive patients with ulnar impaction syndrome were arthroscopically treated, 16 of whom had a central lesion of the TFC that was debrided. In the 16 patients with no lesion from the radiocarpal view, the TFC was centrally resected and debrided to decompress the ulnocarpal joint. Persisting symptoms necessitated ulnar shortening in four patients in each group. Two patients underwent repeat arthroscopic TFC debridement. All patients were examined at 3, 6, and 12 months, and at final follow-up (mean: 1.7 years) following arthroscopy, respectively ulnar shortening or hardware removal. Results In both groups, pain, Krimmer, and DASH scores significantly improved. Improvements of DASH scores were significantly higher in patients without lesion at 12 months and at final follow-up. For other parameters, no significant difference was found between the two groups. Conclusion In both situations, with and without central TFC lesion, resection and debridement sufficiently reduced the ulnar-sided wrist pain and improved function in three out of four patients, and therefore qualified as the first-line treatment of ulnar impaction syndrome as arthroscopy is performed, anyway. Those patients who complained of persisting or recurrent ulnar-sided wrist pain finally benefitted from ulnar shortening osteotomy as the secondary procedure. Level of Evidence Therapeutic III, case-control study.
Ulnocarpal impaction syndrome is a degenerative condition resulting from the abutment of the distal end of the ulna or of the triangular fibrocartilage (TFC) against the ulnar carpus. 1 Palmer described the extent of degeneration, ranging from degenerative wear of the horizontal TFC portion without or with concomitant chondromalacia of the ulnar aspect of the lunate or radial aspect of the ulnar head or both. These conditions were classified as 2A and 2B lesions, respectively. Further progression leads to the perforation of the horizontal TFC portion and later to laxity or even disruption of the lunotriquetral ligament. Finally, chronic load may result in degenerative arthritis of the ulnocarpal, and occasionally, the distal radioulnar joint (DRUJ). 2 Arthroscopic debridement of the TFC is widely accepted for painful ulnar impaction syndrome with central perforations. 3, 4 The treatment of patients in whom the TFC appears to be intact from radiocarpal view, however, remains controversial. Thereby, we occasionally repeat arthroscopy for persisting ulnar-sided wrist pain after simple irrigation and synovectomy for a superficially intact TFC. Repeat arthroscopy sometimes reveals central TFC perforations that were not present at index procedures. 5, 6 Abe and Tominaga 7 diagnosed isolated TFC tears and fibrillations within the DRUJ in two patients with ulnar impaction syndrome. They reported relieved pain and good functional recovery following arthroscopic TFC debridement. Based on these reports, in 2012, we began to treat patients with clinically diagnosed ulnar impaction syndrome using arthroscopic central TFC resection and debridement even if a central full-thickness TFC perforation was not present from the radiocarpal view (i.e., Palmer 2A and 2B lesions). This article presents the clinical outcome of patients who underwent central TFC resection and debridement for a clinically diagnosed ulnar impaction syndrome with an isolated positive fovea sign. We supposed that an isolated TFC resection would effectively reduce ulnar-sided wrist pain, regardless of whether the TFC presented to be intact or not from the radiocarpal view.
Patients and Methods
From January 2012 to June 2015, 34 consecutive patients with ulnar-sided wrist pain due to ulnar impaction syndrome were treated in whom conservative treatment failed to sufficiently diminish symptoms. Patients with a previous history of fractures of the affected arm or wrist and those who underwent procedures, in addition to arthroscopic TFC debridement, were not included in this review. Among the patients who were suspected to have ulnar impaction syndrome, only those who presented with an isolated positive fovea sign, with no other pathological findings upon clinical examination, were followed by routine clinical follow-ups. The patients were preoperatively assessed for their pain level on a visual analog scale (VAS) regarding exertion and rest and for the range-of-motion and grip-strength of both the affected and contralateral wrists. The Krimmer 8 and Disability of Arm, Shoulder, and Hand (DASH) sores were calculated. A radiographic examination included standard plain X-rays in the posterior-anterior (PA) and lateral view and the PA views of both wrists under axial load. Ulnar variance was determined using the perpendiculars. 9 Arthroscopy was performed in a standardized fashion with the wrists thoroughly examined and documented as has been described in the literature. 3, 10 If arthroscopy revealed a central TFC perforation (►Fig. 1), the lesions' margins were first resected by the use of a punch (►Video 1) and then debrided using an oscillating shaver (►Video 2). Thereby, the ulnocarpal compartment was decompressed, and the lesions' margins were prevented from being pinched between the head of the ulna and the carpus. If arthroscopy revealed a superficially intact TFC with no other pathological findings that would explain the patient's symptoms, then ulnar impaction syndrome was still suspected according to the clinical examination. ►Videos 3 to 5 present such a patient (for the additional access to the DRUJ, this case was not included in this cohort of patients) with intact TFC from radiocarpal view (►Video 3) but with fibrillations and an incomplete tear solely within the DRUJ (►Video 4). In this patient, the TFC was perforated using the probe (►Video 5), and the TFC was then resected and debrided in the way described above. Additional resecting procedures to the ulnar head (as in a Wafer procedure) were not performed. ►Fig. 2 represents such a TFC that would be diagnosed as intact when viewed from radiocarpal, but that appeared thinned and weakened after it had been perforated by the probe. Preoperatively, the patients were extensively informed about this treatment regimen. They gave their consent knowing that this regimen was not generally accepted among experts. During TFC resection, the joints were irrigated using saline. Arthroscopy was followed by the intraarticular injection of cortisone and bupivacaine into the radiocarpal and midcarpal joint spaces. The patients received a short arm cast for 1 week and were asked to limit load for 2 additional weeks. Follow-up examinations included standard clinical assessments at 3, 6, and 12 months, respectively. Additional follow-ups were performed in patients who underwent ulnar shortening osteotomies (ulnar approach, 3.5-mm 7-hole plate placed palmarly; KLS Martin; Tuttlingen, Germany) or hardware removal thereafter, provided that symptoms persisted that long. Follow-up assessments were conducted in concordance with the ethical standards of the appropriate ethical committee. Furthermore, the ethical committee approved the clinical review of this cohort of patients. Data of the patients included in this review have previously been used to answer further research questions.
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Video 1
The patient in ►Fig. 1. Central resection of the TFC lesions' margins is performed using a punch. TFC, triangular fibrocartilage. Online content including video sequences viewable at: www.thieme-connect. com/ejournals/html/doi/10.1055/s-0037-1607073.
Video 2
The patient in ►Fig. 1 and ►Video 1. Debridement of the lesions' margins using an oscillating shaver. Online content including video sequences viewable at: www. thieme-connect.com/ejournals/html/doi/10.1055/ s-0037-1607073.
Video 3
A patient with ulnar-sided wrist pain with an isolated positive fovea sign. The TFC appears to be intact from the radiocarpal view. Centrally, there appears to be a weak spot without full-thickness perforation. TFC, triangular fibrocartilage. Online content including video sequences viewable at: www.thieme-connect. com/ejournals/html/doi/10.1055/s-0037-1607073.
Video 4
The same patient as in ►Video 3. DRUJ arthroscopy reveals fibrillations and an incomplete tear solely within the DRUJ. DRUJ, distal radioulnar joint. Online content including video sequences viewable at: www. thieme-connect.com/ejournals/html/doi/10.1055/ s-0037-1607073.
Video 5
The same patient as in ►Videos 3 and 4. The TFC is being perforated and then centrally resected and debrided as shown in ►Videos 1 and 2. TFC, triangular fibrocartilage. Online content including video sequences viewable at: www.thieme-connect.com/ ejournals/html/doi/10.1055/s-0037-1607073.
Statistical Methods
The patients without TFC perforation were compared with the patients with perforation with respect to their age (t-test), duration of symptoms until arthroscopy was performed (Mann-Whitney test), duration of working disability (Mann-Whitney test), ulnar variance (chi-square test), and affection of the dominant hand (chi-square test).
For pre-to postoperative comparisons, data were first examined for normal distribution using the Shapiro-Wilk test. The nonparametric Wilcoxon test was applied for pain on exertion and rest and for data on range-of-motions and the Krimmer and DASH scores. Data are presented as medians and interquartile ranges (IQRs). The parametric t-test was applied for comparison of grip strength with data presented as means and standard deviations (SDs).
Improvement of the variables, namely, pain, grip strength, and Krimmer and DASH scores at different follow-ups demonstrated normal distribution on the Shapiro-Wilk test. Comparisons were therefore performed using the t-test. Fisher's exact test was used to compare the patients' satisfaction at follow-ups and the number of consecutive operations in each group.
Results
Overall, 34 patients with isolated positive fovea sign were included. Of these, two patients were excluded for their arthroscopically diagnosed ulnar-sided TFC detachment (Palmer 1B lesion). Of the remaining 32 patients, 16 were arthroscopically diagnosed with a central TFC perforation, and 16 had no central perforation. The patients' data are listed in ►Table 1. The patients' age, duration of symptoms, and work disability did not differ between the two groups. Patients without central TFC perforation had their dominant hand significantly more often affected than patients with perforation, whereas patients with TFC perforation had Symptoms related to work disability (wk) significantly longer ulnas compared with patients without perforation. Among the 16 patients without central TFC perforation at the time of arthroscopy, 5 patients underwent further procedures for persistent or recurring ulnar-sided wrist pain. Ulnar shortenings were conducted in four patients at 5, 10, 12, and 16 months following arthroscopy. Of these patients, one 21-year-old patient complained of persistent discomfort at the ulnocarpal joint and along the site of the plate. She underwent hardware removal 15 months after ulnar shortening. Simultaneously, the central TFC defect was arthroscopically reevaluated. The regenerated TFC was redebrided, which relieved her pain. One 18-year-old patient was treated successfully for 18 months until his symptoms recurred. The patient refused ulnar shortening, so he underwent a second arthroscopy 19 months after the index procedure. Regeneration of the central TFC portion was also diagnosed in this patient. Repeat resection and debridement again alleviated the patient's complaints.
Among the 16 patients in whom arthroscopy revealed a central TFC perforation, four patients underwent ulnar shortening osteotomy at 3, 4, 8, and 14 months following arthroscopy. Of these patients, three underwent hardware removal at 1, 2, and 3 years following ulnar shortenings. One patient was satisfied with the result of arthroscopy 3 months postoperatively. However, she suffered a cerebrovascular accident 5 months postoperatively and was therefore excluded from further follow-up.
In both groups of patients, without and with TFC perforations (►Tables 2 and 3), at all follow-up examinations, pain on exertion and rest and the Krimmer and DASH scores significantly improved. In patients with TFC perforation, improvement of pronation was significant at 3 and 6 months of follow-up, and improvement of ulnar abduction was significant at all follow-up examinations. In patients without TFC perforation, improvement of grip-strength was significant at 12 months of follow-up, and extension and ulnar abduction significantly improved at the final follow-up. All other variables did not change significantly.
Comparison of the two groups revealed significantly greater improvements of DASH scores at 12 months and final follow-up examinations among patients without TFC perforation. For all other examined variables, there was no significant difference in outcomes between the two groups (►Table 4).
Discussion
The study demonstrates that central resection and debridement of the TFC significantly decreases ulnar-sided wrist pain and improves function in patients with ulnar impaction syndrome both with and without TFC perforations. Thereby, ulnar impaction was clinically diagnosed, with these patients presenting with isolated positive fovea signs. Clinical tests were found to have low positive predictive values in the diagnosis of TFC lesions, ranging from 0.53 to 0.55. 12 Accordingly, in this study, TFC perforations were found in half of the patients with clinically diagnosed ulnar impaction syndrome. Diagnoses thereby, deliberately did not rely on MRIs because these demonstrated limited sensitivity and specificity as long as they were not done using a sophisticated technique under study conditions. 13 If conservative treatment finally fails to alleviate the pain, arthroscopy is commonly accepted as a first-line surgical treatment. In the presence of a central TFC perforation, resection and debridement is performed to decompress the ulnocarpal joint. Thereby, it is irrelevant whether the lesion is of traumatic or degenerative origin. 1 The differentiation between these two etiologies is even more expendable because it is found to be not very reliable.
14 The results, thereby, seem to be favorable in patients with ulna minus or ulnar neutral variance. Instead, high rates of subsequent surgical treatment, such as ulnar shortening osteotomy, can be expected in patients with ulna plus.
4,15,16
If a TFC perforation is present, then an arthroscopic wafer procedure may be additionally performed. Del Gaudio and Haerle reported a satisfaction rate of 23 out of 24 treated patients. 17 However, the mean pain on exertion was still as high as 4.5 at a mean follow-up of 13 months. Other authors reported nine excellent and good results in 11 patients who 
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They ascribed these poor results to the learning curve of this procedure. This learning curve implies the potential risk for injury to the DRUJ. Such a complication is rarely reported in the literature. 20, 21 However, injury to the DRUJ may happen more often than reported. Additionally, this complication is a disaster not only for young patients. In our opinion, this procedure is thus correctly critically considered. If arthroscopy reveals no perforation from the radiocarpal view, the therapeutic options are fewer. Creating a tear to facilitate the wafer procedure is controversial, 1 and performing arthroscopic wafer resection through DRUJ portals is technically demanding and most likely unsafe. However, degenerative changes mostly occur at the proximal surface of the TFC, 22 and tears exclusively within the DRUJ are well described. 23 Abe and Tominaga 7 treated two such patients with an intact TFC from the radiocarpal view but with horizontal tears and fragmentation within the DRUJ. They were able to debride the lesion via DRUJ portals in one patient. In the other patient, this attempt failed, so resection of the TFC was performed from radiocarpal. Both patients recovered to painless function. As a conclusion, Abe and Tominaga recommended DRUJ arthroscopy as adjunct to radiocarpal arthroscopy. However, DRUJ arthroscopy is technically demanding, and visualization of the TFC with its foveal insertion is not constantly achieved. 24 Due to these technical difficulties, other authors do not recommend DRUJ arthroscopy as a routine procedure. 25 Simple debridement instead of central resection and debridement has shown to be of little value when there is no perforation.
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Therefore, in this study, we performed ulnocarpal decompression using central resection and debridement. The results were favorable in 12 of the 16 treated patients, with 4 more patients needing ulnar shortening for definitive ulnocarpal unloading. This study has some limitations. First of all, diagnosis in these patients relies solely on clinical examination, i.e., a positive fovea sign, and a MRI was not performed. Second, the question remains unanswered as to whether central resection is indeed needed to alleviate the patients' symptoms. The question of whether simple TFC debridement within the DRUJ is sufficient cannot be answered by this study. Third, the advantage of resection over simple debridement should be proven by a separate randomized study with enough power from sample sizes that are sufficiently large.
Arthroscopic central TFC resection and debridement sufficiently reduced ulnar-sided wrist pain and improved function in three out of four patients with ulnar impaction syndrome with and without central TFC lesion. As MRI diagnostics is not sufficient in all cases and as arthroscopy is performed anyway in these patients, arthroscopic central TFC resection and debridement qualifies as the first-line treatment of ulnar impaction syndrome. Those patients who complained of persisting or recurrent ulnar-sided wrist pain finally benefitted from ulnar shortening osteotomy as the secondary procedure.
Note
The ethical committee of the University Hospital of Würz-burg, Germany approved the clinical review of these patients.
